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ELECTROMECHANICAL COMPONENT AND METHOD FOR 



PRODUCING THE SAME 



Field of the Invention 



The present invention refers to microstructure technology and especially to electrome- 
chanical components. 



Background of the Invention and Prior Art 



Electromechanical components are components which electrically detect or electrically 
cause a mechanical effect. Examples of electromechanical components are sensors for 
linear accelerations, rotary speed sensors, force sensors, pressure sensors and also 
microvalves or micropumps. 

Acceleration sensors, for example, i.e. sensors for detecting a linear acceleration, or 
rotary speed sensors for detecting an angular acceleration, normally include a movable 
mass which is connected to a fixed frame through at least one spring beam. When an 
acceleration sensor is subjected to an acceleration, the spring beam will deform elasti- 
cally and the mass will be deflected. This deflection can then be detected making use of 
a large number of known methods, such a capacitive, inductive, optical etc. methods. 

Microvalves, however, normally have a movable, elastic structure which, in response to 
the application of a suitable electric signal, will reduce or enlarge the size of a flow path 
for a fluid, i.e. which will cause as a mechanical effect a limitation of the amount of fluid 
flowing through. 

Micropumps are, however, normally provided with a diaphragm which is elastic or elas- 
tically suspended so as to change a volume. A micropump will normally also be pro- 
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vided with valves so as to achieve via said change in volume a conveyance of a defined 
amount of fluid. It follows that the mechanical effect in the case of micropumps is trans- 
port and dosage of a fluid. 

Pressure sensors or force sensors may also be provided with an elastically deformable 
diaphragm, which is elastically deformed, i.e. "deflected", to a certain degree in re- 
sponse to a specific pressure; just as in the case of the acceleration sensor, this deflec- 
tion can be detected in various ways so as to obtain an electric signal indicative of the 
pressure applied. All the above-mentioned electromechanical components comprise an 
active part, which is elastically deformed by the outer mechanical effect or the elastic 
deformation of which leads to the mechanical effect. 

Such electromechanical components can comprise an integrated means for converting 
the mechanical effect into an electric effect or for converting an electric effect into a me- 
chanical effect. Only by way of example, the known finger structure should here be 
mentioned; this structure comprises a first group of fingers connected to a movable part, 
and a second group of fingers connected to a fixed part relative to which the movable 
part moves. The two groups of fingers are arranged in an interleaving mode of ar- 
rangement in such a way that a deflection of the movable part relative to the fixed part 
results in a change in the distances between the fingers, said change leading to a 
change in the capacitance of the finger arrangement. This change in capacitance is e.g. 
proportional to the acceleration acting on the movable part. In the case of a pressure 
sensor, the mechanical effect can be caused e.g. by a change in the distance between 
two planar electrodes in the sense of a plate capacitor. This change In capacitance can 
be measured making use of an alternating voltage. 

Electromechanical components of this type are nomnally produced from silicon material 
in miniaturized forni making use of the silicon-based technology which proved to be effi- 
cient in wafer processing. Silicon-based technology permits mass production which re- 
sulted in a wide range of use of e.g. capacitive acceleration sensors which have been 
produced using silicon-based technology; such acceleration sensors are in particular 
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used in the field of automotive engineering, where acceleration sensors for airbag sys- 
tems should especially be mentioned. 

In the case of such silicon sensors, the inertial mass is suspended from thin springs and 
provided with finger structures defining together with fixed similar finger structures a 
capacitor whose capacitance changes in the case of acceleration, whereby the accel- 
eration can be detected electronically. Silicon acceleration sensors are produced e.g. in 
polysilicon surface mechanics by the firm of Bosch in Reutlingen. In the case of this 
technology a wafer with sensor chips Is produced and subsequently connected, e.g. by 
means of the anodic bonding method, to a cover wafer which has been prefabricated in 
a suitable manner again by means of silicon-based micromechanical techniques, so that 
the sensitive micromechanically patterned silicon sensor structures will be protected. 
Subsequently, the composite wafer with the encapsulated sensor chips Is diced. The 
individual sensor chips are then installed together with an electronic chip in a suitable 
housing making use of standard methods in the field of microelectronical technology so 
as to obtain the finished sensor system. The sensor systems can then be further proc- 
essed like purely electronic components. 

Advantages of these silicon acceleration sensors are the small physical size of the sen- 
sor and. consequently, of the chip, the fact that they can be produced in batch produc- 
tion processes as well as the high long-temn stability and the accuracy in view of the 
advantageous properties of the silicon material used. 

One disadvantage of such systems is the fact that, due to the very small dimensions of 
their sensor structures, when e.g. finger structures are Intended to be used, and in view 
of the so-called sticking effect. It Is necessary to protect such sensors against particles 
and moisture by a virtually hermetic seal. Another disadvantage Is that, in spite of batch 
production and the build-up technique used in the field of electronics technology, the 
manufacturing process in its entirety is still very expensive, since, In addition to the elec- 
tronic chip, also two silicon wafers must be produced, connected and diced by micro- 
mechanical methods. 



Although silicon-based technology has gained great acceptance, which resulted in more 
moderate prices for the whole clean room systems and which has already led to a high 
degree of automation, it should still be pointed out that a complete clean room as well 
as adequately trained staff are necessary for wafer processing. It follows that a decisive 
cost factor is not the material itself, but the production outlay, which is essentially de- 
termined by the systems required and the labour costs incurred. 

DE 44 02 1 19 A1 discloses a micro-diaphragm pump, the diaphragm being produced 
from titanium and the valves from polyimide. Alternatively, the diaphragm may consist of 
polyimide having a heating coil applied thereto . 

US patent No. 5,836,750 discloses an electrostatically driven mesopump comprising a 
plurality of unit cells. A pump diaphragm can be produced from metal-coated polymers, 
from metal or from a conductive flexible elastic polymer. 

DE 197 20 482 A1 discloses a micro-diaphragm pump having a diaphragm which con- 
sists of PC or PFA. A piezo-actor can be provided on a brass sheet which is, in turn, 
applied to the pump diaphragm. 

US patent No. 5,639,973 discloses an acceleration detector comprising a fixed substrate, a 
flexible substrate, a work body and a detector housing. The fixed substrate is implemented 
as a platelike substrate and connected to the detector housing on a peripheral portion 
thereof. A plateshaped fixed electrode is formed in a similar way. The flexible substrate is 
also implemented as a plateshaped substrate and connected to the detector housing on the 
peripheral portion thereof. The work body is attached to the flexible substrate and causes 
an elastic deflection of the flexible substrate when an acceleration is applied. The detector 
housing consist of metal or plastic material. The electrodes consist of metal. The flexible 
substrate consists of glass, ceramics or synthetic resin. 
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It is the object of the present invention to provide less expensive electromechanical 
components and methods for producing the same, which still have mechanical and 
electrical properties comparable to those of silicon components. 

[This object is achieved by an electromechanical component according to claim 1 and 
by a method for producing an electromechanical component according to claim 21.] 

In accordance with a first aspect of the present invention, this object is achieved by an 
electromechanical component comprising: a polymeric body including a mechanically 
active part and a frame; and a metal layer which covers the mechanically active part 
at least partially so as to mechanically stabilize the same, wherein an area of the poly- 
meric body, which has the metal layer provided thereon, consists of a first polymer ma- 
terial which is adapted to be metallized in a wet-chemical process, and another area, 
which does not have a metal layer provided thereon, consists of a second polymer ma- 
terial which is not adapted to be metallized in a wet-chemical process. 

In accordance with a second aspect of the present invention, this object is achieved by 
a method for producing an electromechanical component comprising the steps of: form- 
ing a polymeric body including a mechanically active part and a frame, the step of form- 
ing the polymeric body comprising the following steps in an arbitrary sequence: injection 
moulding a first portion of the polymeric body which Is to be metallized, making use of a 
first polymer material which is adapted to be metallized in a wet-chemical process; in- 
jection moulding a second portion of the polymeric body which is not to be metallized, 
making use of a second polymer material which is not adapted to be metallized in a wet- 
chemical process; and forming a metal layer, which covers the mechanically active part 
at least partially so as to mechanically stabilize the same, by wet-chemical metallization 
in such a way that only the surfaces of the polymeric body consisting of the first poly- 
mer material are provided with a metal layer. 

The present invention is based on the finding that for producing electromechanical 
components at a really moderate price, it will be necessary to take leave of the estab- 
lished silicon-based technology. In accordance with the present invention, a polymer 



material is used as a starting material; making use of e.g. injection-moulding and/or em- 
bossing (stamping) technique(s), which has/have gained widespread acceptance as 
well, this polymer material can be processed such that almost arbitrary shapes and 
structures are obtained. In addition, polymer materials are normally very moderate in 
price. The decisive advantage, however, resides in the manufacturing technique. The 
machinery required for processing polymers is much less complicated and, conse- 
quently, much less expensive than the respective machinery used in the field of silicon- 
based technology. Depending on the respective composition, also polymer materials 
have elastic properties which can be used for producing spring beams having defined 
deflection properties. 

Polymer materials are, however, problematic insofar as plastic materials of this kind 
have flow properties leading to serious problems with regard to the long-term stability, 
unless precautionary measures are taken. According to the present invention, this prob- 
lem is solved in that mechanically active parts of the polymeric body of the electrome- 
chanical component are provided with a metal layer. A plastic/metal composite system 
is produced in this way, which can achieve properties that are almost as good as those 
of a component consisting completely of metal or of silicon. This is due to the fact that 
the outer metal surfaces have a stronger influence on the mechanical parameters, such 
as the stiffness and the areal moment of inertia, than the plastic core. For the metal 
layer itself, gold can be used by way of example. For reducing the costs still further, a 
metal layer consisting of nickel, copper etc. may, however, be used as well. The me- 
chanically active parts of the acceleration sensor described are the spring beams 
through which the seismic mass is suspended from the fixed frame. In the case of elec- 
tromechanical components having diaphragms, the mechanically active part also in- 
cludes the diaphragm which is elastically deformable and which, due to the flow proper- 
ties of the plastic material, would have an insufTicient long-term stability if it were not 
provided with a metal layer. 

In accordance with a particularly preferred embodiment, the electromechanical compo- 
nent consists of a two-component polymeric body comprising a first part consisting of a 
first polymer material which is adapted to be metallized in a wet-chemical process, and 



a second part consisting of a second polymer material which is not adapted to be metal- 
lized in a wet-chemical process. The necessary metallizations can be defined in this 
way by a double-shot injection moulding process, i.e. the metallization of the mechani- 
cally active parts which serves to improve the mechanical stability of these parts and 
also the metallizations which are necessary for converting the mechanical effect into an 
electric signal, such as finger structures, capacitor plates, and also the necessary con- 
ducting tracks of the electromechanical component leading to an internal electronic cir- 
cuit, which is inserted in or secured in position on the polymeric body in a hybrid way, or 
to an outer plug. 

The essential advantage of the method according to the present invention is an extreme 
reduction of costs in comparison with electromechanical components which have been 
produced making use of silicon-based technology, a reduction of costs up to a factor of 
one thousand being expected. 

The minimum structural sizes which can nowadays be achieved by processing plastic 
materials are, at least at present, still substantially larger than the sizes that can be 
achieved by silicon-based micromechanics. This will Impair primarily the dimensions of 
the springs and the distances between capacitor electrodes. In order to minimize the 
electric noise of the sensor system, a minimum capacitance must be obtained; in the 
case of silicon-based technology this must be achieved through very small distances 
between the electrodes. In accordance with the method according to the present inven- 
tion, however, this need not be purchased at the cost of an ever increasing miniaturiza- 
tion and the problems entailed thereby, but It can be obtained by increasing the physical 
sizes, since materials which are much less expensive than silicon are used and since 
the preferred injection moulding process does not involve any substantial limitations of 
the height of e.g. oscillating masses, whereas the use of polysilicon definitely leads to 
such limitations. 

On the other hand, the moulding/machining technique using polymer materials has, as 
is generally known, also the potential for a production of structures which may also have 
sizes in the micrometer range. For this purpose, the injection moulding process is pref- 
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erably combined with an injection/embossing process or with the known hot-embossing 
process. 

The larger physical shape and physical size of the electromechanical component ac- 
cording to the present invention entails the advantage of a reduced sensitivity to parti- 
cles and contamination. In addition, the whole metallized surface may be covered with a 
dense, thin gold layer so as to increase the robustness and so as to make the sensor 
system less sensitive to humidity and environmental influences so that the demands 
which have to be satisfied by an encapsulation will be much lower than those in the 
case of silicon components. 

The method used for forming the metal layers is preferably the method of chemical 
metallization without making use of external current. This method may, advantageously, 
be combined with the method of reinforcing the metal layers by electroplating; by con- 
trolling the metal thickness in the case of a reinforcement by electroplating, the elec- 
trode distance for the finger structures as well as the natural frequency of the sensor 
element, when the use of rotary speed sensors is considered, can be controlled very 
precisely and optimized for the relevant field of use. By controlling the amount of metal 
that is grown, the method according to the present invention also provides the possibility 
of determining very precisely the mass of the movable, inertial structure in the case of 
an acceleration sensor or the mass and also the modulus of elasticity of a diaphragm in 
the case of microvalves and micropumps, respectively. 

Finally, the whole range of possibilities of injection moulding technology is provided, e.g. 
the use of alignment pins/holes and of snap connections for establishing non-releasable 
connections and of integrated sealing edges or externally inserted rubber gaskets; 
these possibilities are extremely economy-priced in comparison with silicon-based tech- 
nology and almost the same effect can be achieved by them. 

Last but not least, the production process comprises a small number of steps in com- 
parison with silicon-based technology, whereby the reject rate in the production process 
and, consequently, also the costs can be kept low. 



In the following, preferred embodiments of the present invention will be explained in de- 
tail making reference to the drawings enclosed, in which 



Fig. 1 shows a schematic top view of the electromechanical component according to 
the present invention; 

Fig. 2 shows a schematic side view of the electromechanical component having a 

housing base and a housing cover according to a preferred embodiment of the 
present invention; 

Fig. 3 shows a side view of the electromechanical component in combination with an 
SMD component for electric activation and/or evaluation; 



Fig. 4 shows a side view of the electromechanical component with spring contacts for 
contacting an electronic circuit; 

Fig. §^ shows a side view of the electromechanical component with a spring and 
bumps for contacting an electronic circuit; 

Fig. 6 shows a side view of the electromechanical component with adhesive bumps 
for contacting an electronic circuit; and 



Fig.,J7^hows a top view of a detail of the interleaving groups of electrodes according to 
Fig. 1 , the electrode fingers having, however, a wavelike shape. 



Fig. 1 shows an electromechanical component designated generally by reference nu- 
meral 10. The electromechanical component 10 is provided with a polymeric body 12 
having a mechanically active component including the two spring beams 14a, 14b as 
well as a seismic mass 14c. The electromechanical component 10 shown in Fig. 1 is a 
sensor for measuring a mechanical acceleration. The acceleration sensor shown in Fig 
1 uses, by way of example, the capacitive detection principle comprising a finger struc- 
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ture including a first group of fingers 16a, which are attached to a fixed frame 18, and a 
second group of fingers 16b having fingers which are secured to the seismic mass 14c. 
The electromechanical component 10, which is shown in the form of an acceleration 
sensor in Fig. 1, additionally includes some kind of electronic circuit (chip) 20 as well as 
a connecting plug 22, which also represents part of the polymeric body 12, i.e. the con- 
necting plug 22 and the fixed frame as well as the mechanically active part all consist of 
polymeric material. For activating and reading the finger structure 16a, 16b the electro- 
mechanical component additionally includes conducting tracks 24a to 24c connecting 
the movable mass as well as the two first groups of fingers 16a of the finger structures 
via bonding wires 26 to the chip, i.e. the respective connecting areas of the chip. The 
electromechanical component 10 additionally comprises further conducting tracks 28a 
to 28d which, on the one hand, are also connected to the chip 20 via bonding wires and 
which, on the other hand, terminate in ends of increased width so as to form with the 
polymeric body 12 a connecting plug having four contacts in the embodiment shown in 
Fig. 1. 

When the electromechanical component 10 is subjected to linear acceleration, the 
seismic (inertial) mass 14c is deflected relative to the fixed frame 18, and this leads to 
an elastic deformation of the spring beams 14a, 14b. The displacement of the mass 14c 
leads to a changed capacitance which can be detected making use of the first and sec- 
ond groups of fingers 16a, 16b and which can already be processed "in situ" in the IC 
20 so as to be outputted via the plug area 22. 

As has already been mentioned, the long-term stability of such an electromechanical 
component would not be particularly high, since polymer materials normally have a flow 
behaviour which changes with time. In other words, the constant deformation of the two 
spring beams 14a, 14b will cause also a plastic deformation in addition to the elastic 
deformation In the course of time, whereby the sensor would lose sensitivity in the 
course of time and finally become useless. According to the present invention this prob- 
lem is solved by providing a metal layer 30 covering, at least partially, the mechanically 
active part so as to mechanically stabilize the same. In the embodiment shown in Fig. 1 , 
the mechanically active part comprises the springs 14a, 14b as well as the seismic 
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mass 14c. For obtaining the stabilization according to the present invention, i.e. so as to 
achieve a good long-term stability without which the use of polymer materials for such 
electromechanical components would not be possible at all, the spring beams are pro- 
vided with the metal layer. It is, however, not absolutely necessary to metallize also the 
seismic mass 14c for reasons of mechanical stabilization. In the present case this is, 
however, done in view of the capacitive detection principle. If the detection principle 
used is not a capacitive principle, but some other kind of detection principle, which does 
not necessitate contacting of the movable mass 14c, it would suffice to metallize the 
spring beams 14a, 14b so as to decisively improve their mechanical properties. 

A further advantage of the present invention is to be seen in the fact that the metallic 
layers, which are provided for the purpose of stabilization and which are preferably im~ 
plemented such that they encompass the beams not only partially but fully, may simul- 
taneously be used for conducting electric signals. 

In principle, the polymeric body 12 may consist of only one polymer material; in this 
case, the patterning of the capacitive detection electrodes and of the spring beams 
would be carried out making use of e.g. a single-shot injection moulding process, 
whereupon the metallization pattern shown in Fig. 1, i.e. the metal layers on the me- 
chanically active part used for the purpose of stabilization and the additional metal lay- 
ers used for forming the conducting tracks, would be produced making use of a shadow 
mask. 

It is, however, preferred to use a double-shot injection moulding process in which the 
areas which are to be metallized later on are produced in a first shot making use of a 
polymer material which is adapted to be metallized in a wet-chemical process, where- 
upon the fixed frame is injection moulded in a second shot around the result of the first 
shot. This two-component injection moulding technology is advantageous insofar as the 
patterning of the metallization is obtained so to speak automatically when the result of 
the second shot is metallized in a wet-chemical process, since a metal layer will only be 
formed on the surfaces consisting of the first polymer material, which is metallizable, 
whereas no deposition of metal will take place on the other surfaces consisting of the 
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second polymer material, which is not adapted to be metallized in a wet-chemical proc- 
ess. 

The metallized part of the polymeric body adheres to the non-metallized part per se, 
due to the injection moulding process. In order to improve the connections, since me- 
chanical forces may perhaps act on the polymeric body at least in the area of the 
springs, positive-locking anchoring means 32 are, however, preferably provided, which 
have the effect that the two polymeric parts made of the different polymer materials will 
not only adhere to one another, but will mechanically be interconnected in positive en- 
gagement with one another. Anchoring structures which are suitable for this purpose 
are anchoring structures of arbitrary shape which are compatible with the production 
process comprising at least two stages. 

As can be seen in Fig. 1 , the IC 20 need not be provided in the form of a housed chip, 
but it may also be provided in the form of a bare chip having suitable connecting areas 
which are adapted to be contacted via bonding wires 26. 

In the following, the preferred production method, in which two different polymer materi- 
als for the two injection-moulding shots are used, will be discussed in detail. The springs 
14a, 14b, the seismic mass 14c, the finger electrodes 16a, 16b and, firstly, the conduct- 
ing track areas 24a to 24c as well as, secondly, the conducting track areas 28a to 28d 
extending into the plug area 22 are produced in the first shot from a suitable metalliz- 
able first polymer material, e.g. from Pd-doped LCP (LCP = Liquid Crystal Polymer) or 
from polyamide (PA) 66. The residual part of the fixed frame, the insulation areas and 
other features, such as the snap-type connector, which will be discussed making refer- 
ence to Fig. 2. are, however, produced from the second polymer material in the second 
shot; in the subsequently employed metallization process, this second polymer material 
will not accept any metal. Such a material is e.g. undoped LCP or PA 66. As far as the 
structural design of the mould is concerned, it may perhaps also be advantageous to 
reverse the sequence in the injection moulding process, i.e. to injection-mould first the 
structures which are not to be metallized and then the structures which are to be metal- 
lized. 
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The two-component injection-moulded parts are then treated in a sequence of wet- 
chemical processing steps in such a way that a metal layer will autocatalytically deposit 
on the surface of the first polymer material. The most important operating steps consist 
of the steps of cleaning the injection-moulded parts, tempering the injection-moulded 
parts and sensitizing the surface thereof by a surface reaction, such as mild etching of 
the surface or causing the surface to swell and seeding it with Pd seeds. 

Subsequently, the injection-moulded parts are coated with metal in an autocatalytic 
bath. Suitable materials for the layers are copper or nickel as start layer, conductor layer 
and layer used for the purpose of mechanical stabilization, and gold as a surface pro- 
tection layer which is adapted to be soldered and wire-bonded. Typical metal layer 
thicknesses are thicknesses in the order of 30 pm, the thickness being, however, limited 
by layer stresses and the adhesion of the layer to the polymer material and, of course, 
especially by the deposition period. 

The layer thickness is therefore preferably increased by a galvanic layer, e.g. nickel, 
prior to the gold-plating step. 

Whereas metal layers deposited without making use of external current are character- 
ized by a very high conformity of the layers, galvanic layers with fine pattern details tend 
to have strongly inhomogeneous layer thicknesses which may have a negative effect on 
the geometry of the components, in particular on the distances between the finger elec- 
trodes or on the springs and their elastic properties. 

Due to the symmetry of the structure, the fixed metallized areas in the form of the finger 
electrodes 16a can be used as auxiliary electrodes in accordance with a preferred pro- 
ducfion method of the present invention so as to achieve, by the application of a suit- 
able potential, a more homogeneous deposition on the spring beams and also on the 
seismic mass. In the course of this process, metal does not deposit on the auxiliary 
electrode. For electrodeposition, electric contacting of the respective areas is neces- 
sary. When the voltage is being applied, an attractive force will act on the sensor struc- 



ture, but, due to the symmetry of the structure in its entirety, this attractive force will be 
compensated for. 

in order to reliably prevent the first group of fingers 16a and the second group of fingers 
16b from coming into contact with one another when an electric voltage is being ap- 
plied, and for unsymmetric structures in the case of which the attractive forces do not 
compensate each other, an auxiliary connection 34 consisting of the first or the second 
polymer material can be used. The auxiliary connection will then be removed, e.g. by 
punching out, after the end of the metallization process, when potential differences are 
no longer applied to the comb structure. 

An additional parameter that has to be taken into account in the case of the preferred 
embodiment of the present invention in which the polymeric body consists of two poly- 
mer materials is the bonding strength between the various polymer materials. When two 
LCP materials are bonded in a two-component injection moulding process without any 
additional measures being taken, an adhesive strength is obtained which may be per- 
haps too low. The anchoring means 32, which have already been described, will there- 
fore be used in order to improve the adhesive strength between the areas of different 
polymer materials; in particular, these anchoring means 32 are advantageously posi- 
tioned such that they are located at the points where the highest mechanical loads oc- 
cur, i.e. in the area where the springs are connected to the fixed frame. 

After the production and the metallization of the injection-moulded part, the electrome- 
chanical component will be equipped with the electronic circuit 20. For electric contact- 
ing, various measures can be taken, which will be discussed in detail in the figures fol- 
lowing hereinbelow. 

Fig. 2 shows a side view of the electromechanical component 10; just as in Fig. 1, bond 
connections via bonding wires 26 were used for contacting the chip 20 in Fig. 2. For 
increasing the robustness, an encapsulating material 36 is applied on top of the area in 
which the chip 20 and the bonding wires 26 are located. Fig. 2 additionally shows how 
the external conducting tracks are implemented, taking the conducting track 28d in the 
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plug area as an example; this conducting track 28d is implemented such that it extends 
around the plug area 22. Fig. 2 additionally shows that the electromechanical compo- 
nent is encapsulated making use of a housing base 40 and a housing cover 42 so as to 
protect it against outer influences. For connecting the polymeric body 12 to the housing 
base 40 as well as the housing cover 42, snap connections, which are known in the field 
of plastic engineering and which comprise a respective first snap hook on one compo- 
nent and a respective matching snap hook on the other component, are provided; these 
snap connections are designated generally by reference numeral 44. For aligning the 
two components, alignment pins 46, which are adapted to be introduced into comple- 
mentary alignment holes 48, are additionally provided on the housing base 40 as well 
as on the housing cover 42. For sealing the mechanically active part, circumferentially 
extending sealing means, which are designated by reference numeral 50, are addition- 
ally provided on the housing cover as well as on the housing base. These sealing 
means can either be realized by the use of rubber rings or by sealing edges formed in- 
tegrally with the housing cover and the housing base by means of injection moulding, 
since also the housing base as well as the housing cover consist preferably of the 
polymer material, and In the case of the two-component embodiment at least partially of 
the polymer material that is metallizable so as to achieve a metallization on the outer 
surface of the housing base as well as on the outer surface of the housing cover, which 
is designated by reference numeral 52, for guaranteeing electromagnetic screening, 
whereby the noise as well as the sensitivity of the whole electromechanical component 
can be improved. 

Alternatively to connecting the polymeric body to the housing cover 42 and the housing 
base 40 making use of the snap connectors 44, a suitable adhesive or a welding 
method can be used. Suitable welding methods are ultrasonic welding or laser welding, 
in particular welding by means of diode lasers. As has already been mentioned, the ar- 
rangement of guide pins 46 and guide holes 48 can be used for adjusting the housing 
cover 42 and the housing base 40 so as to simplify the joining process. 

Alternatively to constructing the electromechanical component making use of the poly- 
meric body, the housing base 40 and the housing cover 42, i.e. alternatively to con- 



structing the electromechanical component from three components, the sensor element 
is closed from only one side with a housing cover in accordance with a preferred em- 
bodiment, whereas the other side is already closed during the production process of the 
polymeric body. In other words, the housing base is formed simultaneously with the 
formation of the polymeric body; this can easily be achieved by a suitable mould. 

The housing cover must, however, be implemented such that it can be attached subse- 
quently so that the electromechanical component can be equipped with the chip 20. 
However, when an electromechanical component having already inserted therein a chip 
is dispensed with, i.e. when the connecting areas of the conducting tracks 24a to 24c 
(Fig. 1) are "extended" up to the plug area 22, it will, in principle, also be possible to 
form the whole electromechanical component at one go making use of a suitable mould, 
since, in contrast to the known silicon-based technologies, the surfaces to be metallized 
need not be accessible from above when the wet-chemical metallization process in a 
catalytic bath is used, since the autocatalytic bath enters the cavities and leads to a 
deposition of metal wherever the material which is adapted to have metal applied 
thereto making use of the wet-chemical process is present as a polymer material. 

In order to provide a higher geometric accuracy of the mechanically active part of the 
polymeric body, i.e. of the spring beams 14a. 14b and of the movable mass 14c in the 
case of the acceleration sensor, an injection/embossing (injection/stamping) process or 
a hot-embossing (hot-stamping) process can be used instead of the injection moulding 
process; the resultant embossed (stamped) parts are then encompassed with polymer 
material by injection moulding so as to form the finished polymeric body in which the 
mechanically active part and, in cases in which capacitive evaluation is used, also the 
second group of fingers, i.e. the fixed fingers attached to the frame 18, have an even 
more precisely defined geometrical shape. Both the injection/embossing process and 
the hot embossing process permit a very high structural fineness and, in particular, little 
distortion of the individual elements; this distortion may occur due to orientation effects 
of the polymers when an injection moulding process alone is used. 
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In Fig. 3 to 6 following hereinbeiow, additionally possibilities are described for contacting 
the chip 20 on the metallized polymeric body 12. As can be seen in Fig. 3, the chip 20 
need not necessarily be provided in the form of a so-called bare chip, but it may also be 
provided in the form of an SMD component (SMD = Surface Mount Device), i.e. a 
housed component which is provided with connections 60, the connections 60 being 
attached to the connecting areas of the conducting tracks 24a to 24c and 28a to 28d 
(Fig. 1) and being then either joined to the connecting areas by a conductive adhesive 
or, preferably, soldered thereto. The use of SMD components which are easy to handle 
and which, due to mass production, are simultaneously available in high numbers of 
pieces with standardized dimensions is possible due to the fact that, in comparison with 
silicon sensors, a great height and width of the electromechanical polymer components 
can be achieved. 

Another advantageous variant of contacting the electric circuit, which is now again pro- 
vided in the form of a bare chip 20, is shown in Fig. 4. In the case of this variant, the 
chip 20 is not contacted by soldering, glueing, bonding or the like, but only by spring 
force making use of metallized spring contacts 62. In order to obtain a simpler structural 
design of the spring contacts 62, a recess 64 is provided in the polymeric body 12 in the 
case of this embodiment of the present invention; this recess can easily be obtained 
when a suitable injection mould is used. Preferably, the recess is dimensioned such that 
the surface of the chip 20 is essentially flush with the surface of the polymeric body 12, 
as can be seen in Fig. 4. Subsequently, the chip is placed in the recess and, if neces- 
sary, slightly fixed in position so that it will not be displaced when the cover 42 is being 
attached. When the cover is being attached and when the cover and the polymeric body 
12 are pressed together, the snap connectors 44 will snap into place sooner or later. 
The spring contacts 62 are dimensioned such that, when the snap connections 44 snap 
into place, they will apply pressure to the connecting areas 66 of the chip 20 as well as 
to the complementary connecting areas of the conducting tracks to be contacted, e.g. 
24a, 28d, in such a way that a simple and especially releasable contact connection is 
achieved. As can clearly be seen from the hatched areas of the spring contacts 62 in 
Fig. 4, the lower portions of these spring contacts 62 are metallized so as to actually 
permit an electric contact between the chip and the conducting track. Just as the metal- 
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lized areas of the polymeric body 12, the metallized spring contacts 62 can be produced 
by injection moulding from the polymer material which is metallizable by a wet-chemical 
process. In cases in which only a single polymer material is used, the spring contacts 
may also be rendered conductive making use of a shadow mask etc.. 

Another alternative of fastening the chip is shown in Fig. 5. The chip 20 is here turned 
over with regard to its orientation in Fig, 4 so that, making reference to Fig. 5, the con- 
necting areas 66 of the bare chip 20 face downwards. These connecting areas 66 are 
placed onto bumps 68, whereupon the housing cover 42, which is provided with a pres- 
sure-exerting spring 70, is attached and pressed towards the polymeric body 12 until 
the snap connectors 44 snap into place. 

Fig. 6, however, shows a further possibility of contacting the chip 20, the chip 20 being 
here connected by means of adhesive bumps 72. The adhesive forming said adhesive 
bumps 72 must, of course, be a conductive adhesive. The adhesive bumps can be ap- 
plied to the polymeric body e.g. by means of the stamping technique, the dispensing 
technique or by means of a stencil printing technique. 

In the electromechanical components according to the present invention, the chip 20 
preferably fulfills the known electronic functions for use as an acceleration sensor, a 
rotary speed sensor, a microvalve, a micropump, a pressure sensor, a force sensor. 
Functions may e.g. be capacitance reading, temperature compensation and self-test 
functions. 

Fig. 7 shows a top view of a detail of the interleaving electrode groups 1 00 of Fig. 1 , the 
electrode fingers having, however, a wavelike shape. As can be seen in Fig. 7, the poly- 
meric body is provided with wavelike electrode structures 100 so as to achieve a higher 
mechanical stability of thin mould walls during injection moulding. 

From the statements made hereinbefore, it can be seen that by means of the geometri- 
cal design of the active part of the electromechanical component, i.e. in the case of ac- 
celeration sensors of the springs and the mass, by the selection of the materials in 



question and by the optimization of the metal thicknesses, parameters can be achieved 
similar to those of known airbag sensors made of silicon. This applies especially to the 
basic capacitance, the sensitivity as a change of capacitance with applied acceleration, 
the natural frequency and the damping. In view of the fact that the properties of the 
electromechanical components according to the present invention are similar to those of 
silicon sensors, it is even possible to use electronic circuits which are, in principle, in- 
tended to be used with silicon, or at least circuits which are similar to the already exist- 
ing circuits. Hence, a complete redesign would no longer be necessary on the electronic 
side. 

Summarizing, it can be stated that an electromechanical component according to the 
present invention comprises movable elements, integrated conducting tracks and areas 
with metallized surfaces, the electromechanical components of polymer materials being 
preferably produced with the aid of a two- or a multi-component injection moulding 
technique and currentless chemical metallization. The essential advantages in compari- 
son with electromechanical components made of silicon are the following ones: 

- drastically reduced costs due to the simple production; 

- the polymer bodies can be given an arbitrary shape so as to realize snap connec- 
tions, pressure-exerting springs, alignment pins, guide holes, anchoring means, 
sealing means. ...; 

less sensitivity to contamination and ambient conditions in view of the fact that the 
size of the components can be adjusted to arbitrary dimensions; and 

- arbitrary three-dimensional shaping instead of the two-dimensional surface treat- 
ment known in connection with silicon. 
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CLAIMS 



1. An electromechanical component comprising: 

a polymeric body including a mechanically active part and a frame; and 

a metal layer which covers the mechanically active part at least partially so as to 
mechanically stabilize the same, 

wherein an area of the polymeric body, which has the metal layer provided thereon, 
consists of a first polymer material which is adapted to be metallized in a wet- 
chemical process, and another area, which does not have a metal layer provided 
thereon, consists of a second polymer material which is not adapted to be metal- 
lized in a wet-chemical process. 

2. An electromechanical component according to claim 1, wherein the mechanically 
active part includes a spring connecting the frame to a mass which moves when 
said spring bends; and 

wherein the metal layer completely encompasses the spring with the exception of 
the locations where said spring is connected to the frame and the mass. 

3. An electromechanical component according to claim 1 , wherein a further metal layer 
is additionally provided on a mechanically non-active part of the polymeric body, 
said further metal layer being used for conducting electric signals or for screening 
off electromagnetic disturbances. 

4. An electromechanical component according to claim 1 , wherein an additional area 
of the polymeric body, which has provided thereon the further metal layer, also con- 
sists of the first polymer material. 
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5. An electromechanical component according to claim 4. wherein the polymeric body 
is provided with anchoring means used for interconnecting at least the mechanically 
active part consisting of the first polymer material and the part of the polymeric 
body consisting of the second polymer material such that these parts are in essen- 
tially positive engagement with one another 

6. An electromechanical component according to claim 1 . 

wherein the polymeric body is provided with an electrode structure comprising a first 
group of electrodes on the movable mass and a second group of electrodes on the 
fixed frame, said first and second groups being arranged in an interleaving mode of 
arrangement so as to act as a capacitive sensor a movement of the mass, 

the further metal layer covering the first group of electrodes as well as the second 
group of electrodes at least partially, and said further metal layer being implemented 
such that the first group of electrodes is electrically insulated from the second group 
of electrodes by an area of the polymeric body having no metallization. 

7. An electromechanical component according to claim 3, wherein the further metal 
layer is also provided with a connecting region including contact areas for an elec- 
tronic circuit, a connecting plug and/or an SMD/soldered connection, said contact 
areas being electrically insulated from one another. 

8. An electromechanical component according to claim 1, wherein the metal layer has 
a sandwich structure consisting of various metals, and/or is reinforced by electro- 



9. An electromechanical component according to claim 1 , comprising in addition: 
a housing base made of polymer; and 



plating. 



a housing cover made of polymer, 




the polymeric body being arranged between the housing cover and the housing 
base. 

10. An electromechanical component according to claim 9, wherein the polymeric body, 
the housing cover and the housing base are provided with snap connection means 
with the aid of which the polymeric body, the housing cover and the housing base 
are interconnected mechanically and/or electrically. 

1 1. An electromechanical component according to claim 9, wherein alignment means 
are provided on the housing cover, the housing base and the polymeric body, so as 
to align the polymeric body with the housing base and the housing cover. 

12. An electromechanical component according to claim 9, wherein a sealing means 
made of polymer is provided so as to encapsulate the electromechanical compo- 
nent, said sealing means being especially a seal which is formed integrally with the 
housing base, the housing cover and/or the polymeric body by injection moulding, 
or a separate sealing ring. 

13. An electromechanical component according to claim 9, wherein the polymeric body 
and the housing base are formed integrally with one another. 

14. An electromechanical component according to claim 7, comprising in addition: 

an electronic circuit for activating and/or evaluating the mechanically active part, the 
electronic circuit being connected to the contact areas in an electrically conductive 
manner by bonding wires, by solder means, by a conductive adhesive or by spring 
force-actuated contacts. 

15. An electromechanical component according to claim 9, comprising in addition: 

an electronic circuit for activating and/or evaluating the mechanically active part, the 




electronic circuit being connected to the contact areas by at least one spring contact 
in an electrically conductive manner, and said spring contact being formed inte- 
grally with the housing cover or the housing base and having a metallized area ex- 
tending from a connecting area of the electric circuit to a contact area on the poly- 
meric body. 

16. An electromechanical component according to claim 15, wherein the polymeric body 
is provided with a recess, the electronic circuit being placed in said recess. 

17. An electromechanical component according to claim 1 implemented as an accelera- 
tion sensor, a rotary speed sensor, a microvalve, a micropump, a pressure sensor 
or a force sensor. 

18. An electromechanical component according to claim 1, wherein one polymer mate- 
rial is selected from a group comprising Pd-doped LCP and undoped polyamide 66, 

wherein the second polymer material is undoped LCP, and 

wherein the metal layer and the further metal layer consist of copper, nickel, gold or 
of a combination of these materials. 

19. An electromechanical component according to claim 1, wherein the mechanically 
active part of he polymeric body includes a metal body inserted in the polymer mate- 
rial so as to increase the mass. 

20. An electromechanical component according to claim 1 , wherein the mechanically 
active part of the polymeric body is provided with recesses so as to define spacers 
preventing the mechanically active part from sticking to the frame in the case of 
movement or contact. 

21 . A method for producing an electromechanical component comprising the steps of: 





JL OCJl B O - 3 :7' . e ::i 7' O Z:? 



24 



forming a polymeric body Including a mechanically active part and a frame, the step 
of forming the polymeric body comprising the following steps in an arbitrary se- 
quence: 

injection moulding a first portion of the polymeric body which is to be metallized, 
making use of a first polymer material which is adapted to be metallized in a wet- 
chemical process; 

injection moulding a second portion of the polymeric body which is not to be 
metallized, making use of a second polymer material which is not adapted to be 
metallized in a wet-chemical process; and 

forming a metal layer, which covers the mechanically active part at least partially 
so as to mechanically stabilize the same, by wet«chemical metallization in such a 
way that only the surfaces of the polymeric body consisting of the first polymer ma- 
terial are provided with a metal layer. 

22. A method according to claim 21 . wherein the step of forming the metal layer com- 
prises vapour-phase coating making use of a shadow mask. 

23. A method according to claim 21, wherein the step of forming the metal layer addi- 
tionally comprises: 

reinforcing the wet-chemically produced metal layer by electroplating. 

24. A method according to claim 23, wherein the reinforcement by electroplating com- 
prises the steps of; 

fixing the mechanically active part of the polymeric body to the frame of the poly- 
meric body making use of an auxiliary structure; 

applying a potential to a fixed part of the polymeric body; 




iVli v< , -I? 



1^42 1: 



25 



depositing a metal on the movable part and the mechanically active part; and, 

after the step of reinforcing the metal layer by electroplating, removing the auxiliary 
structure. 

25. A method according to claim 21, comprising the steps of 

forming the polymeric body such that it is provided with snap connections; 

injection moulding in addition a polymer cover and a polymer base of the housing 
which are equipped with snap connections as well; and 

pressing the polymeric body, the polymer cover and the housing base together until 
the snap connections have snapped into place. 

26. A method according to claim 25, wherein the polymeric body is not provided with 
any snap connections and wherein the polymer cover and the housing base are 
interconnected by ultrasonic welding or laser welding. 

27. A method according to claim 21, wherein also the housing base is formed during the 
step of forming the polymeric body so that the polymeric body and the housing 
base are formed integrally with one another. 

28. A method according to claim 26, wherein the step of forming comprises the following 
steps: 

injection embossing (injection stamping) or hot embossing (hot stamping) a polymer 
starting material so as to obtain an embossed element (stamped element) including 
the mechanically active part as well as geometrically fine structures of the frame; 
and 

encompassing the embossed element with polymer material by means of injection 




moulding so as to obtain the polymeric body. 



29, A method according to claim 21 , wherein the step of forming comprises the following 
steps: 

injection moulding an initial body of polymer material; 

injection embossing or hot embossing said initial body of polymer material so as to 
obtain the polymeric body in such a way that the mechanically active part as well as 
geometrically fine structures of the frame are defined by injection embossing or hot 
embossing; and 

encompassing the embossed element with polymer material by means of injection 
moulding so as to obtain the polymeric body. 

30, A method according to claim 21 . comprising in addition the following step: 

equipping the electromechanical component with an electronic circuit by glueing 
making use of a conductive adhesive, by wire bonding, by soldering or by constant 
application of a mechanical pressure to the electronic circuit, so as to guarantee a 
mechanical as well as an electrical connection between the polymeric body and the 
electronic circuit. 

31 , A method according to claim 21 , wherein the following steps are carried out prior to 
the metallization: 

cleaning the polymeric body; 

tempering the polymeric body; and 

sensitizing the surface of the polymeric body. 
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32. A method according to claim 31, wherein the step of sensitizing the surface is 
caused by a surface reaction comprising mild etching of the surface or causing the 
surface to swell or subjecting the surface to a plasma treatment and seeding it with 
suitable seeds so as to obtain a metallization. 

33. A method according to claim 21, wherein the step of forming the polymeric body 
comprises the following steps: 

providing a metal body; 

encompassing said metal body with polymer material by injection moulding so as to 
form the polymeric body in such a way that the mechanically active part of the poly- 
meric body includes the metal body. 

34. A method according to claim 21 , wherein an electrode structure is defined by the 
metal layer, the capacitance of said electrode structure being increased by reinforc- 
ing the metal layer thickness and by the resultant change in the electrode distance. 

35. A method according to claim 21, wherein the step of forming the polymeric body 
includes the following step: 

forming recesses on the mechanically active part or on the frame so as to define 
spacers preventing the mechanically active part from sticking to the frame in the 
case of movement or contact. 

36. A method according to claim 21, wherein the polymeric body is provided with elec- 
trode structures having a wavelike shape so as to achieve a higher mechanical sta- 
bility of thin mould walls during injection moulding. 
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ELECTROMECHANICAL COMPONENT AND METHOD FOR 
PRODUCING THE SAME 

Abstract 

An electromechanical component comprises a polymeric body including a mechanically 
active part and a frame, and a metal layer which covers the mechanically active part at 
least partially so as to mechanically stabilize the same, an area of the polymeric body, 
which has the metal layer provided thereon, consisting of a first polymer material which 
is adapted to be metallized in a wet-chemical process, and another area, which does 
not have a metal layer provided thereon, consisting of a second polymer material which 
is not adapted to be metallized in a wet-chemical process. The electromechanical com- 
ponent can be an acceleration sensor, a rotary speed sensor, a microvalve, a micro- 
pump, a pressure sensor, or a force sensor. Production of said electromechanical com- 
ponent incurs drastically reduced costs compared to electromechanical components 
produced using silicon-based technology because simple injection-moulding and/or em- 
bossing processes, instead of the complicated silicon-based technology, can be used 
for producing said electromechanical component. 



.1. n'-i 1:1) u "J Q 'jk !^:8 9-!p-3 7 




.i o o s ''^i y 3 7" a li.::. i '7 Q.e ■ 



Practitioner's D,6cket No. 13189.1 46US 



PATENT 



COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL, 

CONTINUATION, OR C-I-P) 



As a below named inventor, I hereby declare that: 

TYPE OF DECLARATION 
This declaration is for a national stage of PCT application. 

INVENTORSfflP IDENTIFICATION 

My residence, post office address and citizenship are as stated below, next to my name. I believe that I am 
the ongmal, first and sole inventor of the subject matter that is claimed, and for which a patent is sought on 
the invention entitled: 

TITLE OF INVENTION 

ELECTROMECHANICAL COMPONENT AND METHOD FOR PRODUCING THE SAME 



SPECIFICATION IDENTIFICATION 

The specification was described and claimed in PCT International Application No. PCT/EPQO/0981 4 
filed on October 6> 200. 0 

ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

1 hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above, 

I acknowledge the duty to disclose information, which is material to patentability as defined in 37, Code of 
Federal Regulations, Section 1.56, and which is material to the examination of this application, namely, 
information where there is a substantial likelihood that a reasonable Examiner would consider it important 
in deciding whether to allow the application to issue as a patent. 

PRIORITY CLAIM (35 U.S.C. Section 1 19(a)-(d)) 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) of any 
foreign application(s) for patent or inventor's certificate or of any PCT international application(s) 
designating at least one country other than the United States of America listed below and have also 
identified below any foreign application(s) for patent or inventor's certificate or any PCT international 
application(s) designating at least one country other than the United States of America filed by me on the 
same subject matter having a filing date before that of the application(s) of which pnonty is claimed. 



Doc. 380 V. 1 



(Declaration and Power of Attorney-page 1 of 3) 



f i! .sD 'ti -'l 7' Ir.: T*" O 61 "P*" O Ei 



Such applications have been filed as follows. 

PRIOR PCT APPLICATION(S) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. SECTION 119(a)-(d) 



INDICATE 
IF PCT 


APPLICATION NUMBER 


DATE OF FILING 
DAY, MONTH, YEAR 


PRIORITY 
CLAIMED 
UNDER 35 U.S.C. 
SECTION 119 


PCT 


PCT/EPOO/09814 


06/0ctober/2000 


yes 


PRIOR FOREIGN APPLICATION(S) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. SECTION 119(a)-(d) 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
DAY, MONTH, YEAR 


PRIORITY 
CLAIMED 
UNDER 35 U.S.C. 
SECTION 119 


DE 


199 48 613.1 


OS/October/ 1999 


yes 



POWER OF ATTORNEY 



I hereby appoint the practitioner(s) associated with the Customer Number provided below to prosecute this 
application and to transact all business in the Patent and Trademark Office connected therewith. 

Customer No. 24283 



SEND CORRESPONDENCE TO 
r'liistmTigr No- 24283 



DIRECT TELEPHONE CALLS TO: 

Carl A. Forest 

303-379-1114 



DECLARATION 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 



Doc. 380 V. 1 (Declaration and Power of Attorney-page 2 of 3) 



0 



SIGNATURE(S) 



Inventor's signature 

Typed Inventor's Full Name: Heinz KUBCK 




Date April 18, 2002 ~ Country of Citizenshi p Germany 

Residence (City, Country) 7nA^7 c;t-„t-i-^p,ri- , r;F>rfn;:inv W 

Post Office Address Thomas-M uenzer-Weg 43 

70437 Stuttgart, Germany 




0 Inventor's signature 

Typed Inventor's Full Name; 

Date April 18, 2002 Country of Citizenship Greece 



Residence (City, Country) 73728 Esslingen, Germany 

Post Office Address Grabbrunnensrrasse 8 

73728 Esslingen, Germany 
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